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Abstract  (now 179 limit 200) 
This paper brings together the results of research into the impact that major faults have on 
dryland salinity, and the development of revegetation treatments in the wheatbelt ofWestern 
Australia.  Currently landscape planning does not routinely take geology into account but this 
research shows that faults can have a dramatic impact on land and stream salinisation and on 
the effectiveness of  revegetation treatments and there is evidence that other geological features 
can have a similar influence. 
This research shows that faults can be identified from airborne magnetic data and that they can 
be assigned a characteristic hydraulic conductivity based on simple borehole tests.  There is 
evidence that the four other geological features which are expected to affect land and stream 
salinity can be identified from airborne geophysical data.  A geological theme map could then 
be created to which characteristic hydraulic conductivities could be assigned.  The resulting 
map could be used in any computer model of  the shallow and deep groundwater systems to 
improve the prediction of  the effectiveness of  revegetation treatments and thus enhance the 
current landscape planning process. 
Introduction 
The widespread clearing of the native vegetation in the wheatbelt of Western Australia this 
century has dramatically changed the hydrological balance resulting in substantial degradation 
of the land.  The principal form of this  degradation is  the development of extensive dryland 
salinity.  By  1994 it has  been estimated  that 9%  of agricultural land in the wheatbelt had 
become salinised and that this will reach 32% when the new hydrological balance is  achieved 
(Ferdowsian et al.  1996). 
Removing the deep rooted, perennial native vegetation and replacing it with shallow rooted 
annual pastures and crops has considerably reduced evapotranspiration and has therefore 
increased groundwater recharge (McFarlane et al.  1993).  The increase in recharge causes 
piezometric surfaces to rise (Peck and Williamson 1987) causing salt (principally sodium 
chloride) stored in the deeply weathered profile (Johnson 1987 and McArthur et al.  1989) to 
rise in to the rooting zone of agricultural plants where it reduces the yield of  crops and 
pastures (Nulsen 1981), ultimately to zero.  Oceanic aerosols are the source of  the stored salt 
(Hingston and Gailitis 1976) ..  The deep aquifer occurs at the base of  the weathered profile 
and is widespread and hydraulically connected. It is the increase in the piezometric pressure 
head in this aquifer that is the principal cause of dryland salinity (George 1992). 
~i Principal results of research programme 
Research carried out as part of this project in the western wheatbelt shows that dryland salinity 
and  saline seepage are strongly affected by the five times higher hydraulic conductivity (based 
on piezometer slug tests) occurring within major faults.  These faults are hundreds of 
kilometres long and hundreds of  metres wide and are complex and heterogeneous breaks in 
the earth's crust. 
A geological theme representing a major fault,  and cross cutting minor faults and dykes was 
extracted from airborne magnetic data.  When this theme is used in the Water and Rivers 
Commission's (WRC) MAGIC modelling program (Mauger 1996), with five times the 
hydraulic conductivity inside the theme compared to outside, it dramatically improves 
predictions of saline seepage volume, occurrence and treatment.  In particular, modelling of  an 
alley system to combat salinisation in a faulted catchment showed that the alley spacing will 
need to be reduced to two thirds of  that needed to have the same effect ifthe catchment were 
unfaulted. 
A Proposed Improvement to the Landscape Planning Process 
In addition to the above research there have been several other research programmes which 
have demonstrated the connection between geological features and dryland salinity. 
George et al.  (1994) have shown that the widespread Tertiary sediments (Salama eta!. 1993) 
can also have a profound effect on the hydrogeology and the development of  dryland salinity. 
The location of  these sediments can be interpreted from airborne radiometric data, since there 
is a general correlation between low values for the total count, uranium and thorium channels 
of  the radiometric data and dark colours in a ternary plot (potassium plotted in red, thorium in 
green, and uranium in blue), and the known general location of  these sediments based on a 
geomorphological survey of  the Lake Towerrinning area (Clarke unpublished data) and 
borehole geology (George unpublished data).  Further research is required to refine these 
relationships. 
Engel et al.  (1987) reported that dolerite dykes which were identified by, amongst other 
things, their ground magnetic signature (many of  them stand out as linear magnetic highs) 
could cause localised dryland salinity where they cross drainage lines. 
The wheatbelt is predominantly underlain by granites and granitic gneisses of  Archaean age 
(which·are very similar geologically), thus the four hydrogeologically significant features: 
major faults; minor faults; dolerite dykes, and Tertiary sediments (which can all be identified 
by their airborne geophysical signature) are set against a background of  a fifth feature; the 
granites and gneisses of  Archaean age. 
Thus, these five geological features which are essentially geological themes (in that they do 
not distinguish internal differences within themes) into which the geology of  the wheatbelt can 
be resolved should be reasonably readily interpreted from a comprehensive suite of airborne 
geophysical data in order to make a geology theme map of  the landscape. 
Table 1 summarises the geological features that have an effect on the development of  dryland 
salinity, the mechanisms that underpin the relationships, and how they may be recognised in 
airborne geophysical data. 
10 .... :Table  l.:_<_!~~olog.~.~~~J::.~~ures atfec~!ng the de;:.eloement 9f d:.y_l}md  salini  ..  ~_L---·---·~~m· 
__ _Qeol<?_gical  feature_  Mechanism  Identiftcation  m·m•mm  ..........  .. 
Major faults  Wide, tabular, sub-vertical layers of  Wide linear magnetic lows 
higher hydraulic conductivity 
Minor faults  Narrow, tabular, sub-vertical layers of  Narrow linear magnetic lows 
higher hydraulic conductivity 
Mafic dykes  Narrow, tabular, sub-vertical layers of  Narrow linear magnetic highs 
lower hydraulic conductivity 
Tertiary sediments  Thick to thin, tabular, sub-horizontal  Lows in radiometric data 
la~ers of  higher hydraulic conductivit~ 
This research project has shown that a characteristic value of  hydraulic conductivity, based on 
slug tests of  piezometers, could be attached to a theme mostly representing a major fault and 
that this substantially altered the results of  modelling the catchment and the predicted 
effectiveness of  revegetation treatments.  The sediments also have higher hydraulic 
conductivity than the adjacent materials, and Engel et al.  (1987) attributed the effect of  dykes 
on dryland salinity to their relatively low hydraulic conductivity. 
It should therefore be possible to assign a characteristic hydraulic conductivity value to these 
geological themes based on simple slug tests of  piezometers, thus converting the geology 
theme map into a characteristic hydraulic conductivity map.  This can then be used as an input 
to any computer model that looks below the soil layer, to improve its predictions of  the 
development of  salt affected land and the effectiveness of revegetation treatments.  Figure 1 
shows a simplified flow diagram of  this process and how it relates to the current appro-ach. 
The airborne EM system, SAL  TMAP (Duncan et al.  1992), which is an attempt to measure 
salt store at different depth intervals in the weathered zone, could be used to set priorities, to 
help determine the intensity of revegetation treatments, and may be useful (together with a 
kn~wledge of regional groundwater salinity) in determining the thickness of  the regolith. 
Once the model is equipped with the characteristic hydraulic conductivity map it can be used 
to model proposed revegetation strategies to ensure that the desired effect is achieved.  This 
will result in a strategic landscape plan which can be used as the basis for individual farm 
plans.  Where there is a rising water level and a high salt store, a more intensive treatment 
could be applied sooner in order to prevent the dramatic degradation that would set in if  the 
salt store were mobilised.  The hydrogeological model MAGIC together with SAL  TMAP may 
also help match appropriate plants to the parts of  the landscape where waterlogging and 
salinity may cause most plants to fail.  If  necessary, the revised plan, after the farmers and their 
advisers have modified it for particular on-farm considerations, can be remodelled to ensure 
that it still sufficiently meets the strategic objectives. 
This approach contrasts with the present method of  catchment planning in Western Australia, 
where the individual farm plans, designed from an individual, on-farm perspective, are joined 
together to form a catchment plan (for example Anon 1992).  There are no strategic 
objectives, and no test of  whether the proposed system will work.  Indeed, in reference to the 
inadequacies ofthe present system Nulsen (1991) commented on the "considerable confusion 
between a map and a plan".  He concluded that the most common product ofthe farm or 
catchment planning process was "a map ofwhere on the farm ... a certain treatment is 
considered most appropriate" rather than a plan of  the method by which a desired result could 
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Figure 1.  Flow diagram of  the proposed method  for the development,  assessment and 
implementation of  revegetation and agronomic strategies for degraded land. 
,~ 
l_': be achieved.  The process presented here is  to use a plan,  in this sense, comprising the range of 
available treatment options, and a method of testing which will work in a particular situation, 
to create a map which is both a map and a plan in the sense described by Nulsen ( 1991). 
Conclusions 
This research project has shown that higher hydraulic conductivity within fault zones is 
responsible for an order of  magnitude higher occurrence of dryland salinity.  These faults can 
be readily interpreted from aeromagnetic data.  Incorporation of higher hydraulic conductivity 
into a zone (interpreted from aeromagnetic data) representing this fault, into a computer 
model of  the hydrogeology of  a catchment and its response to revegetation treatments 
suggested that a third more trees would be needed to control the extent of saline seepage and 
streamflow if  the effect ofthe fault is taken to account, compared to ignoring its presence. 
It is proposed that the geology of  the Western Australian wheatbelt can be resolved into four 
hydro geologically significant themes against the background of  a fifth,  all of  which it ought to 
be possible to identify from airborne geophysical data.  This research project has shown that it 
is possible to attach a characteristic hydraulic conductivity to one of  these themes based on 
simple borehole tests.  Four of  these geological themes affect the development of  dryland 
salinity through differences in hydraulic conductivity compared to the hydraulic conductivity 
of  the background theme. 
If  a characteristic hydraulic conductivity can be assigned to the five themes and they can be 
mapped over wide areas cheaply and relatively easily from airborne geophysical data, then the 
resulting characteristic hydraulic conductivity map can be used as an input to any computer 
model of  the lower layer of  the weathered zone to improve its predictions of  the effectiveness 
of  revegetation treatments on the development ofthe salinisation ofland and water, as was 
demonstrated to be possible by this research project.  This provides the opportunity for a 
significant enhancement of  the planning process in relation to landscape and farm scale 
responses to salinisation of  land and streams. 
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